mutation in any of 22 JMML patients in our series. 4 We conclude that the JAK2 V617F in pediatric MPD and leukemia patients is less frequent than that in adults, and that JAK2 mutation is rarely involved in the pathogenesis of pediatric hematologic malignancies.
Biallelic mutations of the NBS1 gene, localized on chromosome band 8q21.3, are responsible for Nijmegen breakage syndrome (NBS). 1 The most frequent mutation of the NBS1 gene is a five base pair deletion, 657del5, which is often termed the Slavic mutation and for which over 90% of NBS patients are homozygous. Nibrin, the product of the NBS1 gene is a member of the MRE11/RAD50/Nibrin (M/R/N) protein complex involved in the repair of DNA double-strand breaks, immunoglobulin class switching, meiotic recombination, telomere maintenance and the response of the cell cycle to DNA damage. About 40% of NBS patients develop a malignancy before the age of 21 years, of these, approximately 70% have non-Hodgkin's lymphomas (NHLs). The unusually high incidence of malignancies among close relatives of NBS patients 2 suggests that heterozygous mutation of the NBS1 gene may lead to an increased cancer risk. Several studies have focused on searching for an association between mutations in the NBS1 gene and cancer incidence, especially of hematological malignancies.
Although heterozygous carriers of the NBS1 657del5 mutation have been shown to have an increased risk for breast cancer, melanoma, colon and rectum cancer, 3 other studies have found no association between NBS1 gene mutations and Hodgkin's lymphoma or NHL. [4] [5] [6] In contrast, Varon et al. 7 detected several point mutations in the NBS1 gene among 47 patients with childhood acute lymphoblastic leukemia (ALL). These point mutations all lead to amino acid substitutions, S93L, D95N, I171V and R215W. The mutation, I171V, of somatic and/or germline origin, was found in four ALL cases, but was not observed in normal controls, indicating a possible involvement of the NBS1 gene in that disease. The aim of the present study was to extend the analysis of this association by examining the NBS1 gene in Polish children with ALL.
Blood samples were collected from 135 children aged between 1 and 18 years of age, who were diagnosed with ALL and were under treatment at the Oncology and Hematology Clinic of the Medical University School in Poznañ . The selection criterion for the diagnosis of ALL was more than 95% lymphoblasts in bone marrow as demonstrated by fluorescence-activated cell sorter analysis. Using the French-American-British (FAB) classification, 100 of the patients had L1 Figure 1 The JAK2 mutation in PV patient. Arrow shows a G-T transversion (V617F) in exon 12.
Letter to the Editor lymphoblast morphology, 19 had L1/L2 morphology, 11 had L2 morphology and five were of L3 morphology. Approximately 94% of the cases were of the B-cell precursor type, of these 117 patients expressed the CD10 antigen, six had a pre-B immunophenotype, five patients had B-cell leukemia and five patients T-cell leukemia. The research protocol was approved by the Ethics Committee of the Medical University School in Poznañ . Anonymous blood samples collected on Guthrie cards drawn from the newborn screening program of the Wielkopolska voivodship were used as controls. Genomic DNA was isolated from whole blood using a DNA extraction kit (A&A Biotechnology, Gdynia, Poland). To confirm the germline origin of the mutations detected, DNA was also isolated from buccal swabs by incubation in 0.2 M NaOH for 5 min at 751C and resuspension in 0.04 M Tris-HCl. DNA was extracted from Guthrie cards by boiling at 951C for 90 min. Polymerase chain reaction (PCR) was used to amplify sequences from all 16 exons of the NBS1 gene. A set of 20 specific intronic primers was designed to amplify the exons as PCR products of 143-328 bp (Supplementary Table 1 ). The PCR mixture contained Taq DNA polymerase, buffer with 15 mM MgCl 2 (Eppendorf, Hamburg, Germany), deoxyribonucleotide triphosphates (Sigma-Aldrich, Steinheim, Germany), primers (Oligo, Warszawa, Poland) and genomic DNA. Mutations and polymorphisms were detected by single-strand conformation polymorphism (SSCP). Briefly, the PCR product and loading buffer were mixed in a ratio of 1:3 and denatured for 5 min at 951C, cooled and separated on a 7% nondenaturing polyacrylamide gel, with or without the addition of 5% glycerol, at 41C or room temperature. Control samples with known mutations were run in parallel. Silver staining was used for the detection of DNA. The substitution, A4G at position 511 in exon 5 (I171V), was investigated by PCR-restriction fragment length polymorphism (PCR-RFLP) analysis. The 328 bp PCR product of exon 5 was digested with MunI according to the manufacturer's instruction (Fermentas, Vilnius, Lithuania).
Mun1 cleaves the PCR product from wild-type DNA to generate fragments of 130 and 198 bp, but does not cut products containing the 511A4G mutation. PCR-digests were analyzed on 2.5% agarose gels. PCR products showing shifts in SSCP or PCR-RFLP were purified and directly sequenced in the forward and reverse direction using the BigDye s Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) in the automated ABI PRISM 310 sequencer. The differences in the incidence of mutations and polymorphisms between the ALL group and controls were statistically evaluated by the two-sided Fisher's exact or the w 2 test. Differences were considered significant below P ¼ 0.05. In the case of polymorphisms, the wild-type genotype/allele served as a reference.
In our study, we identified germline NBS1 gene mutations in peripheral blood cells from nine of 135 ALL patients (Table 1) and in three of 195 controls, P ¼ 0.014, OR ¼ 4.57 (95% CI: 1.21-17.22) ( Table 2 ). The analysis of DNA isolated from oral epithelium cells confirmed the germline origin of the observed mutations in all cases. We identified the D95N variant in exon 3 in one c-ALL case and in one control. This variant occurs in the conserved FHA domain of nibrin and was first described by Varon et al. 7 in German ALL patients. Here we could extend these results by confirming the germline origin of the mutation. The D95N variant was not observed among 321 British patients with lymphoid malignancies 8 nor in 91 North American patients with NHL. 4 However, in both studies D95N was detected among healthy controls (1/332 and 2/133, respectively).
We also detected the 657del5, R215W and V210F mutations in exon 6 of the NBS1 gene. The association of the 657del5 mutation with increased risk of hematological cancer has been recently shown. 3, 5 In our study, we observed only one 657del5 mutation in c-ALL patients (1/134) and one in controls (1/195). Similar results were reported by several authors who failed to detect a significant contribution of the 657del5 mutation to lymphoproliferative disease development among both Slavic populations 5 and non-Slavic populations, such as in Germany 5 or Britain. 8 The 643C4T mutation was identified in only one c-ALL patient in our study. This transition leads to substitution of the basic amino acid arginine with the nonpolar tryptophan (R215W). Recently, it was shown that heterozygous carriers of germline R215W may have an elevated risk of malignancy, especially of the colon and rectum. 3 The reports on the R215W mutation in lymphoproliferative diseases are controversial. This variant was described in one of 47 German patients with T-ALL, 7 in four of 231 British leukemia cases (two c-ALL, one T-ALL and one AML) and in one of 51 NHL patients. 8 It could be postulated that the R215W mutation in the Polish population does not contribute to the development of ALL. In accordance with our results is the observation of Chrzanowska et al., 5 who Letter to the Editor found no carriers of the R215W mutation among 545 Polish pediatric patients with lymphoid malignancies. A further mutation in exon 6, identified in a single individual only, was the amino-acid substitution V210F. The same alternation has been reported in one of 60 ALL cases and in one of 91 NHL cases. 4, 7 Interpretation of these results is limited by the rather low numbers.
The most frequent mutation found was the transition 511A4G in exon 5 leading to the amino-acid substitution, I171V. We identified five heterozygous carriers of the I171V mutation among 135 Polish patients with ALL and only one under controls. Because of the high frequency of the I171V mutation the control group was extended to 500 individuals, however, no further carriers were found. The results obtained were statistically significant (P ¼ 0.0020, OR ¼ 19.34 (95% CI: 2.239-167.1)) suggesting that the I171V mutation is indeed associated with ALL ( Table 2 ). Varon et al. 7 found four carriers of the I171V mutation in 47 German children with first-relapse ALL, (two -common ALL, one -preB ALL, one -preT ALL). The origin of the mutation was somatic and/or germ line. Taylor et al. 8 did not detect this variant in 231 British leukemia patients or controls, but did find it in one patient with hepatic lipase (HL). Thus, ethnic differences and a possible contribution of other variants of the NBS1 gene in different populations could be an explanation for the discrepancy between reported findings. The I171V mutation, in the homozygous state, was described in a Japanese pediatric patient (NCC56) with aplastic anemia (AA). 9 Furthermore, results of a cytogenetic analysis in lymphoblastoid cells from the patient and her father, who was heterozygous for the I171V mutation, showed a higher frequency of chromosomal structural aberrations, suggesting genomic instability owing to this mutation. So far, the I171V mutation has been described only among patients with ALL, HL, AA and in control groups. The substitution occurs in the BRCA1 C-terminal domain of nibrin, which is widely conserved and is required for either binding to histone gamma-H2AX or relocalization of the MRE11/RAD50 nuclease complex to the vicinity of DNA damage. 10 In addition, we identified novel rare sequence variants in the introns flanking exon 7, IVS6-18G4A and IVS7 þ 36G4A, and two intronic variants, IVS6-29C/T and IVS15 þ 88G4C, recently described in lymphoma patients. 4 Each of these variants was observed either in ALL patients or in control samples. Comparisons of the frequencies of rare sequence variants between ALL cases and controls showed no significant differences. One new polymorphism, IVS14-30A/T, and five previously described polymorphisms, 102G4A, 553G4C, IVS9 þ 18C4T, 1197T4C and 2016A4G were detected in both groups. No significant differences in the distributions of genotype and allele frequencies for each of the analyzed polymorphisms were observed in a comparison of ALL cases and controls (data not shown).
Our results indicate that heterozygous carriers of the I171V NBS1 gene mutation may exhibit increased susceptibility to childhood ALL. Given the high incidence of heterozygous I171V mutations in patients in remission from ALL (our results) or with relapsed ALL 7 and the genomic instability reported in heterozygous cell lines, 9 we conclude that the I171V mutation must indeed be considered as a susceptibility factor for the development of ALL. 
